exposure appeared more severe owing to the observed greater losses in the body weights of 46 exposed rats. There was also a significant (p≤0.05) effect on the cognitive behaviors recorded from 47 the exposed rats, and these deficits were related to the oxidative damage and neurogenic cell loss in 48 the hippocampus and the amygdala of the exposed rats. Taken together, these results provided an
Introduction

54
Indiscriminate deposition of xenobiotics into the environment has been associated with the increase 55 in accidental poisoning and non-specific multi-organ toxicity. Oxygen stress, a product of the 56 imbalance between the antioxidant systems of the body and the generation of free radicals, has been 57 implicated in the pathophysiology of the subsequent toxicity from exposure to many xenobiotics 
70
[13]. The neurologic effects of OPs toxicity is manifested as chronic organophosphate-induced 71 neuropsychiatric disorder (COPIND), which is characterized by cognitive deficits, depression,
72
anxiety and some personality problems [14, 15] . All of these are associated with excessive generation 
99
light/dark cycle at room temperature for 7 days before the commencement of the experiments. All 100 rats were handled in accordance with the standard guide for the care and use of laboratory animals.
102
Treatment Schedule
103
The rats were randomly divided into four groups (n=8) as follows:
104
Group 1 (control)-were given normal saline (1 ml/kg orally) daily for 14 days
105
Group 2-were given DDVP (8.8 mg/kg orally) daily for 14 days [8, 20, 21] 
106
Group 3-were given CPF (14.9 mg/kg orally) daily for 14 days [9] 107 Group 4-were given DDVP (8.8 mg/kg orally) plus CPF (14 mg/kg orally) daily for 14 days
108
All procedures were scheduled and carried out during the early phase of the day between 07:00 and 109 08:30 hours, and treatments were given for fourteen consecutive days.
111
Ethical approval
112
This research work was approved by the University of Ilorin ethical review committee (UERC) 
116
Body and brain weight evaluation
117
The body weights of all the rats were recorded after acclimatization at the first day of the exposures 118 as initial weight and at the last day of exposure as the final weight. Thus, the differences between the 119 two weights were calculated and recorded as the weight changes. The brain weights of all rats were 120 recorded after the sacrifice, and a ratio of the brain to final body weight was calculated and recorded.
122
Behavioral evaluations
123
The rats were subjected to behavioral evaluations on the 14th day of the treatment to assess, short 124 term memory, long term memory and reference memory in the Morris water maze paradigm.
126
Morris water maze procedure
127
The Morris water maze (MWM) apparatus is the most commonly used model to test spatial learning 128 and memory. To evaluate spatial memory, rats were tested in a circle shaped black pool filled with 
133
and remained on the platform for15s. If they were not able to find the platform after 60s of 134 swimming, they were guided to the platform by examiner and were allowed to stay on it for 15s. The 
152
OFT Procedure:
153
The animals were exposed to a trial in the OFT to evaluate anxiety related behaviors in rats 
161
EPM Procedure:
162
To evaluate amygdala dependent or fear related learning, the rats were exposed to two trials in the 
206
The Ki-67 is a chromosome-associated protein present during division (G1, S, G2, and M phases but 
227
The exposures to both DDVP and CPF in the present study resulted in differential effects on indirect Figure 1A) . But, the observed body weight loss was more in the DDVP only exposed rats,
236
and what may be a conflicting effect with less weight loss in the combined exposed rats ( Figure 1A ).
237
There was also a significant (p≤0.05) loss in brain weight of the exposed rats, with relatively more 238 loss observed in the DDVP only exposed rats' brains ( Figure 1B ). 
246
Effects of DDVP and CPF exposures on spatial working memory
247
Exposures to DDVP and/or CPF significantly (p≤0.05) delayed the latency to the submerged 248 platform (escape latency) in the exposed rats in both tests for LTM (Figure 2A ), STM ( Figure 2B ), and
249
MWM paradigm. Although, this effect is relative to the three exposure modalities in the LTM, the 250 combined exposures to DDVP and CPF caused more (p≤0.05) delay in the latency to the hidden 251 platform, followed by the DDVP only exposure, when compared with the control (Figure 2A and B) .
252
The separate exposures to DDVP or CPF consequently resulted in avoidance (p≤0.05) of the platform 
261
2B).
263
DDVP and CPF exposures increased anxiety-like behavious
264
The latency to the closed arm, an indirect measure of fear learning, in the EPM paradigm, was 
274
Double asterisks (**) indicates significant (p≤0.05) increase ( Fig. 3A and B) or decrease (Fig. 3C ) when
275
compared with NS, other groups and/or CPF rats only; while single asterisk (*) indicates significant 276 (p≤0.05) increase when compared with NS ( Fig. 3A and B) . Using one-way analysis of variance
277
(ANOVA) and subjected to post hoc Bonferroni's multiple comparison test. oxide (NO) and total reactive oxygen species (ROS) levels in the amygdala and the hippocampus of 295 the exposed rats (Figures 5A-D) . Although, no marked differences were observed in the pattern of 296 the effects on both NO and ROS levels, CPF exposure did not result in a significant change in the 297 hippocampal ROS level ( Figure 5D ). 
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